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(57)Abstract 




PROBLEM TO BE SOLVED: To manufacture a silicon single crystal wafer with the CZ method under stable condition which is 


capable of improving in electric performance such as oxidation high withstanding voltage surely without belonging to a hole rich 


V region, an OSF region, and a between lattice silicon rich I region. 




SOLUTION: The method of manufacturing silicon single crystal wafer and silicon single crystal are characterized in that in the 


silicon single crystal water grown by the Czochralski method, in N region out side of OSF ring generated in ring state at the 


time of heat oxidizing process for all surfaces of the wafer, no defective region is existing which is to be detected by Cu 


deposition. 
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[SIS] ■a?LUy5 L ©V)Wv OSFS* flTU 



figtf BMB4MW 



1 

ij 3 >fje B B s^x-A^^^T, ^x— r\^M1fi9kWk 

[If *912] f 3^5^;**— ftfc*D««Sttfc>' 
U n >*isa«>x— AK:*^T» ^x— A^.ffi3^J»Blft; 
UL8*l/fc|R^ U >^l:Mt^OSF^l©NI 

. jsa^x— a. 

(...."x-y\fcJftftftja«ftU»:l»C u >^«K:»^-r«>o 

So 

5 ] f 3 ^7 IZ J: 0 S/U 3 

^ x — a tc!»SffcjfflS StftRtcUvy* S o 

6 ] ? 3 *9 ;k* ± 0 U □ >*» 

"-rs c U7 #5^->3 >fc«t an* 

m/m i nK±it*J:i:Wiit*i*a3a^l/ 
»*a 6 <JD^ W 1 «l:Etbft y U 3 >»»S®8 

[0 0 0 1] 



(2) ^2 0 0 2- 2 0 1 0 9 3 

o s F^&cttf i n©^«««"t?t> 

[0 0 0 2] 

D, L S T D > COP?^^D-M> (Grown- 
in) ^BilftfnsitflsBtBffiWtt^^A-f^OWtt 

[ 0 0 0 3] 2in6©*BftK«T«tSfct>T, 3fe 
Ts ^Un>*tt»fcaO'ii**T.S^*>> f ^ (Va 
cancy, KT V ^BSfBT § £ i tfftfft* 

a? (Interstitial— Si. EAT I ASSIST £ 

[0 0 0 4] ->U3>*»Jl^*^T, V«*i»4, V 
acancy, "T) * 0 v- U 3 ^JR^^FS** £5g3rf3 

5/ U =3 >H-T \z 3 Z. £ \z «fe 0 98 £T * 

L/tvitt i m*RV>W\z\Z. m^<o^F&^4k»ifim^ 
30 (5>&V0 X:x-h^;i/ (Ne u t r a 1 > £*TN£B£ 

IT, WEyn-W >^XKI (FP'D, LSTD. CO 

pm) tv^on' <&< £Tfcv^ i *«jatssi3ttttiBo 
[0005] zL(om^xt&<ommt. cz»:«l«» 

40 MfflC^OSF (&{fcBifi8tJi*HS, Ox i d a t i 
on Indused Stacking Faul 
t) kmiti*9t!&tfi* tt»J**ttK#T*fi*#ra<& 
KriBTJ!,fcl»Kl, <J>ifttK:»* (HT, OSFU>^ 

[0006] unsea^ftfiH^^Bn jI^cd^bI 

50 [0 0 0 7] t l/T ift 6**J«*iBB©*B *»Bt 



(3) 

3 

0lli3LfcffifcS5£ft#O. 6mm/m i nm&SX±£ 
Fgli^nt^^FPD, LSTD, COPf(^) 

7<Dy-i> (A) ) . J&SjIftj^O. 6mm/m 

inKT^H **i8flE©«TtfPW O S F U > 

-ygiif ^-^tm^L/D (Large D i s 
location: ♦fr^WlEttJl'— T^&lfr^ L S E P 10 
Ds LFPDf) ©*Pfe**ffilB*fc:#«EU d tx ^> ^ PfS ' 
^fSt5««ttlfi« (L/DMiv^ci** 
*) tPftfnt^S. JSfcftiiftSO. 4mm/ 

minMTifilWSt, OSF'J/Wx- 

£>5-f> (c) ) o 

[00081 sjsL fifv««tm«otBTOsF 
g><f©^«n. N««ipftfn«, ^?les(dfp 

D, LSTD, COP^), gfiilz-ygS^LSEP 
D, L F PD«>#ffib35:V^«0#aE^^$nTVi £0 
&<> 2!Ol«ttO S F U >j^O*HBlC»!J, f bT, ft. 
*Wfflf»ifl ! 3S:S£U X-ray«»«T«flH©3>h 

^\ LSEPD, L F PDW^n^SfU *;f'Ttt 

(B) ) . 

[0 0 0 9] Eft&CDNfttttt, a^CD^feTtt, fiES 
5£ ft £ T tffc Kf ^ f£fitt:fr [r] £2* b T £4 ft fc#SEf fc 
ft;' !>i-ABft-«j:-«»l:l*ffSLft*^ft. - 
•ONfiSt^^T, ^n>:n;73l|£ (v. V. Voro 50 
nkov; Journal of Crystal G 

ro'w t h, 59 (198 2) 625 — 643) Tte, 
5l±tf*ft (V) tlS»B«»Btt*fRia*43E (G) 

[0 0 10] ^CTSiS^ Ifi©G(Z)»t?:S^lT, 40 
±frfififtFS: 5 lft^ £Ttf&#S3l±tffcWfc* $>£3I± 

^aftTNaw^^ffitjc^ofcftft^ajSTSSck 

it*-r 5 k a. r ©N««^atjE^o few? o3i±w r a 
ft*fjt#bT5i±tfntf**a*«BiT*«. m 

n«« <h & ^jBHtfaw^e * <t 3 £ & r> fc. 50 



4#BB2 002-201093 

[ooii] i:®N*«ta6fc»«r5i, osfu 

[0 0 12] t J15AJ±IB©<k O fc, ilNS^TS 
0 s JRK<tj!iabfclKK:OSFU>y«:»^"&"r, *^ 
ilUFPD, L/D^fib&^ B 0 aT*§l:t)^ 

fejfeofc. fix, ^*l39»»<bilBEE«»ttOJ:5a:«« 
[0 0 13] 

[»«tf»ai/«k5tT*»B] *;i-e*»Ktt, £<3 

[0 0 14] 

^>ij n >#i^s^x— /Mcfct^T, £x— /\*ffifc*!K« 
fbffiSSrbfcWKll) >^^4f^OS F^^OOCON 

!R«*«?lFaEUavit)OT**2:i*W«i IT^5 (If 

[0 0 15] £<7)±5K:, *»98©->U 3>*»»^x 
-/Ml ^x-AfeB^KHftftfflatU&IKfcU 
£5S£T*OS F(B^ffl<0N««T&^T. dUCur 

# -s? v- 3 > «t o &tB s n £ &Pfe»***#«E b & 

[0 0 16] fit, *S^S2 08fr»s->'Jb 
ftfcS'L) n^JHttH^X— AfcfiHT* ^x-/\il^ 

^tt««fe±^**«fffi^"i:t< l^N i ««**sx-- 
(«l*5|2) « 

[0 0 17] EflD.k'Sfc:, *»W©^Ua>J|i«a9x 
-Ate, 9x-A^ffi^jft»{b«La*UfclK^'U 
i:»4T50SF^fl©Nfi«7?»^T, fttCur 



5 

ttt\Z< UN i ««#^XW\£ffifiK:#ffibftU&*: 
B&S7X— AT»IK ^yt-f X^^IUTfe®MiE# 

[0 0 18] Jfcfc**?Bkl««)^U3>**S»©ajtt* 

Tz>m&iz&\,*T, wjasttfe^u^JMSftsx-A 

^SftKftSfflS ft b & IR U>^«K:»tt50SF tf>^ 

* * Pfe KWtjWWE b ft V> »«l*rtT«S § * S * 

if ^iat^s^, osFU>y»*«i:»fft*c 

#914) o 

[0 0 2 6] ?:tl6CD«at*ftK:J:n«, WJ**nfc-> 
U 3 > £ x - A JRKftffi a ft b 7c IS U > 9 'tt 
H5S4t-50SF^fl©NH«t*^T, S^Cur 

*<t s * * jOTME b ft V> *^RS u □ 

2x— A*»arT* - ch^Tf-So 
[0 0 2 1] S6fc**MK:«*S/U3>¥«»<Z>«iS 

*ttfi^x-A^!ftl6ft«i3iftbfclRfcU >i*RK:R£ 
t^OSF^i0Ni^T^oT> Cux*> ? ^3> 

^ «t o «ub * * n«*« cfc to***? tu c tc < 

- i ^^ffibftV^^I^T^ B s H ^jSS$ii'^^^ft 
«f*tl/tV^ (It** 5) c 

[0 0 2 2] SP^t, *JW!l:«*->U3>*l»©« 

**K*»*bfc»-&, OSFU>^l*»SSt5 
C u ^tf^v-a D«kfflSn**B*«**B*i"* 
*|!LG>jfcBfc**£. 2SK«ftj^ft**bfc»£*K:H6 

t ©IB<Drt#a*fc«W bT« A ft W^T£ - i ft4f tfc 
"tbTVi* (If** 6) . . 

[0 0 2 3] Ctt&<D«£#iSfccfcntf, ^X-Ah>® 
«JJ»«Yb«iaftbfclRfc U >^«i:»4t50SF^ 

* * » ± it *«f ffi tt<^Ni ® *#> 9 x 

- a^b icartE bft tomxut -> u 3 ^ x- a 



4) #H2 002-201093 

[0024] :n^§Ma(:^^T, ttfaAftp»® 

• 5l±tfiiSftO. 5mm/minH±tt5lW!f^ 

bv> <«*H7) o judaic* «a*ft«fo5i±vfa 

*ft0. 5mm/m i nK±itWi» *R9l<0*i&R& 

[0025] eat, ^ss^fcoeBiatRwr** 1 ^ * 

if? 1) FPD (F 1 ow Pattern Defec 
t) -itt, ^5^^i/Un>¥^^#^^'i 7 ^-^^^ 

^bTHDI»^fc«, K 2 Cr 2 O7 t*»i*OS^ 
^TSI^x^f >^ (Secc.oXyf>y) "3"*£ 

g«$FPDtiU 9x-Ai^FPDSSM^ 
SfSftKlE^^Ffi^AS (ffl¥4-l 9 2 3 4 
5 o • 

[0 0 2.6] 2) SEPD (Secco Etch P 
20 it Defect) itt, FPD£[r1— ©S e c c o 
Xy?->ifftJSbfcl5Kl, -«En««l (flow pat 
tern) ft#5 *>©ft F F D iff tf* 

f^SEPD (L SEPD) tt(Btt^7^* — fcKHi" 

zt^xzn. t x ^ 7 x ^ - ^sst ^1 

5^3 >£bT©«*ft*&*fe<-fc*. 
[0027] 3) LSTD (Laser Scatte 
ring Tomography Defect) t. 
30 ^fim^^Un>#^ H a B#^^^x-Aft^Dlii 
U g®co^^^ft^<hffi'KcO?g^'rx^5 z >^b 
T»D»V>&«, £x— A ft WITT*. ££>§fHM£0 

i T ^xwNrt^»fiTa^Bfci*tiia3eftAur* 

(Jpn. J. Appl. Phys. Vol. 32, 
P3679, 199 3#BB) . iSOi^TIi,' 

[0028] 4) COP (Crystal Origi 
nated Particle) £tt, 
»©Kft*WJE**fKa* i SJKHa:ttS^I»'r, S'e c 
coX^fTBFPDl:&5*S6^ SC-lft^ (N 
H< OH : H 2 O2 : H 2 .0= 1:1:1 0 ©ffi^ttK: 
££ffi80 Ttta«Xy^>^tt£bT«*, COPfc 

.[0 0 2 9] 5) L/D (Large Disloca 
50 t lon:#fBStt*-^W) ^ LSEP 



(5) 
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^jXPfSTS^c LSEPDH ±iEbfcJ;3K:SEPD 
©ttfe 1 0 MmH±O^t>0*^5. LF 
PDH ±BL&FPDOt"Ct>*<lt:y h©**** 
10/im£Jl±O**^feOSVH^ ^%6feJEfi;i/-^ 

[0 0 3 0] 6) CuT*yya>SH ^iff^X- 
A©*«04fc«*IE*te:WjeU ¥«#r>x— Atf)#RS 

"MEfcfcMEU »WT**9x— AOfpfifittT?**. JO 
[0 0 3 1] JUMS&^X— A<DW«]frffitt, £X-A 

£&<£>T£>£o Cut#^/3>SH Cu-f 

ft R Id Mfc £ W SP-T £ i , KfbBt **#fls LTV^Bttfc 

HA b fclWBttT* Beffcflt**#ft; b S a C 

DPf^WStTV^Ci^^nT^^o 20 
[0 0 3 2] C ur^yys >sn&^x— A(0^fi8*S . 

gM (TEM) SftHCilfim (SEM) ^7; 
[0 0 3 3] 

3>m»Sft^StcHb, Vffi*t I **(0**iSJateo 
HT* l¥JfflfcW5£bfc(i:::^% VfiB«t I fflW^^PflT 
OSF'J>^fll:, FPD, LSTD, C O P <D$t 50 
^fl<W<, L/Dfc#&b£:^XjL — N5;i/&N 

t\ OSFU>^«l:IB*t*NvI* (£?Ltf)# 
t^HMt) iIMl:i»r*NIi* 5/ U=i> 

[ 0 0 3 4] ±ENfi«TiBa*W«l/T 

OS Ffi«CD^flONfi«T»^T, SfttlMIii^ 
Wlti-^*feb»V^N vffi«(75— »tC u^#>?^3 >«L 

[0035] COOS F^l^NSlTSo 



#12002-201093 

#tt«*ift±i-« 2it3&«T«f*^x— A3&«#6n*::t 

[0 0 3 6] KT©*»*ffoT«4JS 

(Slifcl) 132 (a) O^SA43J:^jM2 (b) ©gi 
BfcSbJfcMCZS¥»ii3l±Wr£« («»«WJP) 

>£ 1 5 0 k g^->>U fi«Btt2 6-f >5 t 5»l^ 
ytfKIWMSaS'U l 6 0 k g^^-^b, # 
gti:tii 8 -f >^ (Eg 2 0 0 mm) , ^fe< 1 0 
0>©y'j3>l8f s ^?l±tfL *«»*5I±W« 
j&SJfi* * 0 . 7 mm/in in^^O. 3 mm/m 

WWbfc. **^X-A 2 2-2 3 p pm 

a (A STM' 7 91) tfj:5J:5 1;*SS B B 0 ^Sl 

[0037] -^bTI33 (a) , (b) te«.b&.«fe5 

t^WOfflWb, 4ft©^7X — A-y-^^l/^rfPKbfc. -4 
ftt3ftBWLT (^X-/\7-f A) SO^ (SJ£ 

§g : S EM I LAB WT- 8 5) ^itft3lyf> 

^:«kt)V««, OSFS^ I 

ISiFPD; LEP©»m ^LTOSFMIf: 
J:§OS F»£iR«Sfll3fU ft««S#<DJ$ftj*«* 
WBbfc. $^^^ B s Q ffl^^tC^i(lt)^JiTb^^>7 P ^ 
©ftlftte, 133 (c) H^b^Jz'SlC, I§6^>? 
©9X— A*«fc< Dtk#JPlb, 1 tttt«®JPXtt± 

tf©±, ^x-A*ITfcJ|fc«ftBlt»jaib&«, Cur 

/to 

[0 0 3 8] ^SIKI^WS^X- A<af¥ffi¥m43cfc££ 

(1) 5l±Vf&miea#*3Bfttt^ra 1 0 cmSO** 

mmiP^0it>^ , ;U^4tt^bfc. 

(2) ±EU">^©3"6 1ftB^ OxWMSffllJp 
fi6 2 0 t> 2WW, ft**H«T^45^T!»«ia«, 

8 0 0*0, 4Pfr B i (&*3SB«i;t) 8&fflS£isu ■*© 

glOOOt, l 6PSIB (F5^***B«T) S&fflS 
&*&*9U S EM I LAB- 8 5 Kcfc 0 ^X-A^-f 7 
^-f A (WLT) GDTy :/£f£j$bfc (1^4 (a) , 
(b) o £fc2ttBttS5-X^>y«-fe:3X 

«;f>^*lSU FPD^i^LEPOW^Iil 
fc. *bT3ttB»40S Ff»:M3am*fe3X-/5 1 >^bT 

8ftH*»ib, osF^»s$:iibL ^ne. 
sv««, osf««, "i w&<n&W$. : &¥tfe 

U #«||L©j«fiiS**»l*bfc. 
[ 0 0 3 9] glA (0 2 (a) ) T5l±»f&WB*® 
ft«JKDJ***« (1^4 (a) #flg) tt. ^CDcfc^fc 



(6) 
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Vg«/OS-FS«M : 
OSFiltS : 

*«rBN (Ni) 

[0040] ssb (B2 (b) ) -c3\±*fitm.mn<D * 

Vfi«/OSF««*ff : 
OSFffiffiM : 

SrltiN (Nv) I*/NilB«*»: 
N i ««/ I ffttttft : 
[0 0 4 1] (3) ±IB (1) (Z)^ B B a ^^^r a f4^^3 

\ztiffl 0 «JWf XsltV^frtoP&k Y) l tfc^S^ 6 -f >^ 
fl!)^7x-^**t< D**JPX (0 3 (c) #31) U 

1) .BftlR : 2 5 nm, 2 ) : 6 MV/c 

m, 20 
3) «ffB3lD^IB : 5#l«. 

[0 0 4 2] SI 5 CCur^yya >l:ADNv««S 
ffffiUfclBf^EIS^T. B5 (a) HCut#V'>3 > 
H<kO»*l/fcABS«l«©*»»*** (b) ttCuf 
# S< £/ 3 >fc;fc*is»fl>&V>N viSO^BM^^ 
-T. HI 6 (a) tti C ur#y->3 >"C^P6*«»*bfc 
Nv*«CDfF«»*T*0, (b) tt, Cux#^v'3 

[0 0 4 3] H±0)lj**5, OSF^fllcSStSN 30 
i;fl.^c u ^tfSJS/ a > J: 0 *W S ft* 

tBSft**B*l«oa:t^N vS«T^8ffciIE^lS 

[0 0 4 4] (UK 2) *K±e*S*ft***"C*»B 
(B2 (b.) ) ^fflViTOSF^l^)Ni^T$>^T, 
Cuf#^'>a>»B«« (Dn««) TfcHWfc&J: 40 

zs^ 6i;s*«fai#4i;i:<viN i ««t>**a:v^«* 

B£fc±tf(09xw\K:iinXU KffcKWJE4#1tOffflfi* 

1) ttfcR : 2 5 nm, 2) SO^ttffi : U > • H — 

3) : 8 mm 2 , 4) W^ti : ImA/c 

m 2 „ 
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0 . 4 8 4 mm/m i n , 
0 . 4 7 2 mm/m i n , 
0 . 4 6 7 mm/m i n > 
0 . 4 5 4 mm/m i ru 



0 . 5 9 6 mm/m i n, 
0 . 5 8 7 mm/m i n , 
0 . 5 6 6 mm/m in, 
0 . 5 2 6 mm/m i n , 
0 . 5 10 mm/m i- n> 
ft. 

[0 0 4 5] *SS9l#«fcL H±©*lftT#6ftfc5ai* 
T&S, ^^B^(^^icD^Ur:>^ B B H ^S5tyj?£^ 

w^c $ ftfc > u a >^a B ^x-/\ \zmwntmm * bfc 

IK Kill >^jRi:^4t^O S F ©^tt^Nfi^Tjo 

[0046] 1 \z^^xmmt ^ 

SF'J >^fiSit8#t5CuT#y->a >fc«k0lfc 
lBSft«^IB**^«ia^***©J**»*t* S6fc 

[0 0 4 7] K±a^fc*ttK:J:0WJ«Sft/t»»*#' 

^6«Dttl*ftfc9X— Att, A±ffi*«J»»ft;ffl 
T»t>T, Cu7#^a >tckD*ffl*ft*^»S** 

< #s u & ^i^ps > u :□">*»» w-Ata 

* o 

[0 0 4 8] ^IC, JS 2 *jS*nfc->'J 

[0 0 4 9] ICSS£ill:S^Tffiit5t. 51 
±tf ■*>©-> 'J n >*gii©j£&M«£$«itf L-fc*^ O 
SFU>^iItl:SSt§Cux4?y->3>(:i^ 

[0050] ^osjt^&ctow^^n^^s^ 



(7) 
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OW**TlB***l>fc< UN i «**V>x-A£ffi|*ilC# 

[0051] :o9i-Att, »*#tUI*«*i;k:<v^n 

i ST, tTNv««T»5©T, *£#R&*« 

v-ij3>¥»S*0. 5mm/minHJ:0«M«T 

* (Nv-Dn) 0##J:Olt*U SitJi^^ft^lt 

-C-0.0 5 3] ^bT^e a e ^'L^TCD^ B B H I§^M-0$a^ 
rt]»««JEG c tf*/h£<, *^W<DMXmm*&gLMC) 
m, 0. 5mm/m i n^SIS^fii^nft^CZ 20 

0, 0 2mm/m i'n«:TEISfcft, SlUllTfS: 

IS, 0. 5mm/mi nH±0**a«tfl*T*5C 

0. 0 2mm/min£l±T*D, 1^*50. 0 5 mm 
/min^MtSut^ffc. # _tE © £ 5 
0. 5 mm/mi n ^±©SicIIgT*^BJn n p b 

'[0 0 5 4] ««ic*»WT««bfcCZttfci*J|l|* 
■ 3l±tffc«©«J«0i*H2 (a) (.b)' KiORSTT 
£ 0 SI 2 (a) II^TJ:^- £<&¥JBIi3l±tfS«3 

ott, 5i±vf*3ii, 3i±*f*-3 lttRtfenfe^ 

y#3 2£, *y # 3 2 OBIfcEtSftfcb-^ 3 4 
;U!V#3 2 £®&£i*3;Uy^«3^$fi3 3Xtf*© 

®->ud>»*s (») 2 ftKS-r^flifctis^j^ry^ 

S&, k-* 3 4 0>^««HfcttBrJlft» 3 5 3WE«*il 
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PROBLEM TO BE SOLVED: To manufacture a silicon single crystal wafer with the CZ method under stable condition 
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CLAIMS 



[Claim(s)] 

[Claim 1] The silicon single crystal wafer characterized by being that in which the defective field which is an N field of the outside of 
OSF generated in the shape of a ring in the silicon single crystal wafer raised by the Czochrlski method when the whole wafer surface 
carries out thermal oxidation processing, and is detected by Cu deposition does not exist. 

[Claim 2] The silicon single crystal wafer characterized by being N field of the outside of OSF generated in the shape of a ring in the 
silicon single crystal wafer raised by the Czochrlski method when the whole wafer surface carries out thermal oxidation processing, 
and being that to which nickel field which the defective field and precipitation of oxygen which are detected by Cu deposition cannot 
produce easily does not exist in the whole wafer surface. 

[Claim 3] The manufacture approach of the silicon single crystal characterized by growing up a crystal in the defect-free field where 
the defective field which is an N field of the outside of OSF generated in the shape of a ring when thermal oxidation processing is 
carried out to the silicon single crystal wafer raised when a silicon single crystal was raised with the Czochrlski method, and is 
detected by Cu deposition does not exist. 

[Claim 4] The manufacture approach of the silicon single crystal characterized by to control to the growth rate between the growth rate 
of the boundary where the defective field detected by Cu deposition which remains after OSF ring disappearance when a silicon single 
crystal is raised with the Czochrlski method and the growth rate of the silicon single crystal under pull-up is dwindled disappears, and 
the growth rate of the boundary which a grids transition loop formation generates when a growth rate is dwindled further, and to raise 
a crystal. 

[Claim 5] The manufacture approach of the silicon single crystal characterized by growing up a crystal in the field where nickel field 
which the defective field and precipitation of oxygen which are N field of the outside of OSF generated in the shape of a ring when - 
thermal oxidation processing is carried out to the silicon single crystal wafer raised when a silicon single crystal was raised with the 
Czochrlski method, and are detected by Cu deposition cannot produce easily does not exist. 

[Claim 6] The manufacture approach of the silicon single crystal characterized by to control to the growth rate between the growth rate 
of the boundary where the defective field detected by Cu deposition which remains after OSF ring disappearance when a silicon single 
crystal is raised with the Czochrlski method and the growth rate of the silicon single crystal under pull-up is dwindled disappears, and 
the growth rate of the boundary which nickel field which precipitation of oxygen cannot produce easily when a growth rate is 
dwindled further generates, and to raise a crystal. 

[Claim 7] The manufacture approach of the silicon single crystal indicated in any 1 term of claim 3 characterized by making the pull- 
up rate at the time of said crystal growth into 0.5 or more mm/min thru/or claim 6. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This inventions are not V field which is mentioned later, an OSF field, and which defective field of an I 
region, either, and relate to the manufacture approach of of the silicon single crystal wafer and silicon single crystal with the electrical 
property excellent in high pressure-proofing with which the oxide-film defect further detected by copper deposition processing is not 
formed, either. 
[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal produced with the Czochrlski method (it 
is hereafter written as a CZ process) used as the substrate has been increasing with detailed-izing of the component accompanying 
high integration of a semiconductor circuit. The defect of a single crystal growth reason in which the oxide film proof-pressure 
property especially called grown-in (Grown-in) defects, such as FPD, LSTD, and COP, and the property of a device are worsened 
exists, and importance is attached to reduction of the consistency and size. 

[0003] In explaining these defects, it explains being known generally about the factor which determines each concentration of the 
point defect of the hole mold first called the Vacancy (it may outline Vacancy and Following V) incorporated by the silicon single 
crystal, and the mold silicon point defect between grids called Interstitial -Si (it may outline Interstitial-Si and Following I) 
incorporated. 

[0004] In a silicon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a silicon atom, and a field with many 
things like a hole. With an I region It is the thing of a field with many lumps of the rearrangement and the excessive silicon atom 
which are generated when a silicon atom exists too much. Between V field and an I region The neutral (it may outline Neutral and 
Following N) field without lack of an atom or an excess (few) will exist. And with [ even if said grown-in defects (FPD, LSTD, COP, 
etc.) occur when V and I are in a condition / ****** / to the last, and it has the bias of some atoms ] saturation [ below ], it has turned 
out that it does not exist as a defect. 

[0005] The concentration of both this point defect is decided from the pull-up rate (growth rate) of the crystal in a CZ process, and 
relation with the temperature gradient G near [ under crystal ] the solid-liquid interface. The defect called OSF (an oxidation induction 
stacking fault, Oxidation Indused Stacking Fault) near [ boundary ] V field and an I region When it sees in the cross section of the 
perpendicular direction to a crystal growth shaft, being distributed in the shape of a ring (it being hereafter called an OSF ring) is 
checked. 

[0006] The defect of these crystal growth reason is acquired as a defective distribution map as shown in drawing 7 , when a crystal 
orientation changes a growth rate from a high speed to a low speed with CZ pull-up machine with which the temperature gradient G 
near the solid-liquid interface used the large structure in a furnace (hot zone: it may be called HZ) during the usual crystal. 
[0007] And a classification of the defect of these crystal growth reason calls V field the field where grown-in defects by which it is 
considered as the void reason to which hole type point defects gathered when a growth rate is a high speed comparatively, the above 
before and after 0.6 mm/min and, such as FPD, LSTD, and COP, exist in high density throughout the direction of the diameter of a 
crystal, for example, and these defects exist (Rhine (A) of drawing 7 R> 7). Moreover, when a growth rate is 0.6 or less mm/min, the 
field where an OSF ring is generated from the circumference of a crystal, the defect of ratios of length to diameter (Large Dislocation: 
the cable address of the dislocation loop between grids, LSEPD, LFPD, etc.) considered to be dislocation loop reasons by the outside 
of this ring exists in a low consistency with the fall of a growth rate, and these defects exist is called the I region (it may be called a 
ratio-of-length-to-diameter field). Furthermore, if a growth rate is made into a low speed below 0.4 mm/min order, an OSF ring will 
condense and disappear at the core of a wafer, and the whole surface will serve as an I region (Rhine (c) of drawing 7 ). 
[0008] Moreover, the existence of the field where neither FPD of a hole reason, LSTD, COP nor LSEPD of a dislocation loop reason 
and LFPD exist called N field to the outside of an OSF ring is discovered in the middle of V field and an I region in recent years. It is 
reported that this field is the I region side which is not so rich as there is almost no precipitation of oxygen by being in the outside of 
an OSF ring when oxygen precipitation heat treatment is performed and the contrast of a deposit is checked by X-ray observation etc., 
and LSEPD and LFPD are formed (Rhine (B) of drawine 7 ). 

[0009] Since these N fields existed aslant to growth shaft orientations by the usual approach when a growth rate is lowered, they 
existed only in the part in the wafer side. About this N field, it has recited that a parameter called V/G which is the ratio of a pull-up 
rate (V) and a crystal solid-liquid interface shaft-orientations temperature gradient (G) determines the total concentration of a point 
defect by the Voronkov theory (V. V.Voronkov; Journal of Crystal Growth, 59 (1982) 625-643). Only a crystal into which a core 
serves as an I region on the outskirts across N field in V field at a certain pull-up rate since it pulls up in a field, and the rate must be 
regularity and G has distribution in a field when it thinks from this was obtained. 

[0010] Then, distribution of G within a field was improved, and when this N-field where that it is only slanting existed was pulled up 
lowering for example, the pull-up rate F gradually, the crystal with which N field spread all over width at a certain pull-up rate could 
be manufactured recently. Moreover, in order to expand the crystal of this whole surface N field in the die-length direction, if a pull-up 
rate when this N field spreads horizontally is maintained and pulled up, it can attain to some extent. Moreover, when adjusting the 
pull-up rate in consideration of G changing so that it might be amended and V/G might become fixed to the last as the crystal grew, as 
it is, the crystal used as a whole surface N field could be expanded also in the growth direction. 

[001 1] If this N field is classified further, there is a nickel field (field with much silicon between grids) contiguous to Nv field (field 
with many holes) contiguous to the outside of an OSF ring and an I region, and in Nv field, when thermal oxidation processing is 
carried out, there are many amounts of precipitation of oxygen, and it turns out that there is almost no precipitation of oxygen in nickel 
field. 
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[0012] However, as mentioned above, when thermal oxidation processing was carried out, in spite of having been a whole surface N 
field and having been the single crystal with which an OSF ring is not generated and FPD and ratio of length to diameter do not exist 
in the whole surface, it turned out that an oxide- film defect may occur remarkably. And this is the cause of degrading an electrical 
property like an oxide-film proof-pressure property, it is just inadequate that the conventional whole surface is N field, and the further 
improvement was desired. 
[0013] 

[Problem(s) to be Solved by the Invention] then, the thing by which this invention was made in view of such a trouble - it is - a hole - 
- rich V field, an OSF field, and the silicon between grids - it belongs to neither of a rich I region, and aims at obtaining the silicon 
single crystal wafer by the CZ process which can raise electrical properties, such as oxide-film pressure-proofing, certainly under the 
stable manufacture condition. 
[0014] 

[Means for Solving the Problem] The silicon single crystal wafer which it succeeded in order that this invention might attain said 
purpose, and is applied to this invention is characterized by being that in which the defective field which is an N field of the outside of 
OSF generated in the shape of a ring, and is detected by Cu deposition does not exist, when the whole wafer surface carries out 
thermal oxidation processing in the silicon single crystal wafer raised by the Czochrlski method ( claim 1). 

[0015] Thus, the silicon single crystal wafer of this invention is a defect-free wafer with which the defective field which is an N field 
of the outside of OSF generated in the shape of a ring when the whole wafer surface carries out thermal oxidation processing, and is 
detected by especially Cu deposition does not exist, and turns into a silicon wafer of the high quality which does not degrade electrical 
properties, such as an oxide-film proof-pressure property, even if it produces a device. 

[0016] And the silicon single crystal wafer which is the 2nd mode of this invention is characterized by being N field of the outside of 
OSF generated in the shape of a ring, when the whole wafer surface carries out thermal oxidation processing, and being that to which 
nickel field which the defective field and precipitation of oxygen which are detected by Cu deposition cannot produce easily does not 
exist in the whole wafer surface in the silicon single crystal wafer raised by the Czochrlski method (claim 2). 

[0017] Thus, when the whole wafer surface carries out thermal oxidation processing, it is N field of the outside of OSF generated in 
the shape of a ring, nickel field which the defective field and precipitation of oxygen which are detected by especially Cu deposition 
cannot produce easily is the defect-free wafer- which does not exist in the whole wafer surface, and gettering capacity is also high [ a 
wafer ] while it does not degrade electrical properties, such as an oxide-film proof-pressure property, even if the silicon single crystal 
wafer of this invention produces a device. 

[0018] Next, the manufacture approach of the silicon single crystal concerning this invention is characterized by growing up a crystal 
in the defect-free field where the defective field which is an N field of the outside of OSF generated in the shape of a ring when 
thermal oxidation processing is carried out to the silicon single crystal wafer raised when a silicon single crystal was raised with the 
Czochrlski method, and is detected by Cu deposition does not exist (claim 3). 

[0019] And the manufacture approach of the silicon single crystal concerning this invention [ when raising a silicon single crystal with 
the Czochrlski method ] The growth rate of the boundary where the defective field detected by Cu deposition which remains after OSF 
ring disappearance when the growth rate of the silicon single crystal under pull-up is dwindled disappears, When a growth rate is 
furthermore dwindled, it is characterized by controlling to the growth rate between the growth rates of the boundary which a grids 
transition loop formation generates, and raising a crystal (claim 4). 

[0020] According to these manufacture approaches, when thermal oxidation processing is carried out to the raised silicon single crystal 
wafer, it is N field of the outside of OSF generated in the shape of a ring, and the defect-free silicon single crystal wafer with which 
the defective field which degrades electrical properties, such as oxide-film pressure-proofing detected by especially Cu deposition, 
does not exist can be manufactured. 

[0021] the 2nd mode of the manufacture approach of the silicon single crystal which furthermore apply to this invention be 
characterize by to grow up a crystal in the field where nickel field which the defective field and the precipitation of oxygen which be 
N field of the outside of OSF generate in the shape of a ring when thermal oxidation processing be carry out to the silicon single 
crystal wafer raised when a silicon single crystal be raised with the Czochrlski method , and be detect by Cu deposition cannot produce 
easily do not exist ( claim 5 ) . 

[0022] In addition, the manufacture approach of the silicon single crystal concerning this invention [ when raising a silicon single 
crystal with the Czochrlski method ] The growth rate of the boundary where the defective field detected by Cu deposition which 
remains after OSF ring disappearance when the growth rate of the silicon single crystal under pull-up is dwindled disappears, When a 
growth rate is furthermore dwindled, it is characterized by controlling to the growth rate between the growth rates of the boundary 
which nickel field which precipitation of oxygen cannot produce easily generates, and raising a crystal (claim 6). 
[0023] According to these manufacture approaches, when the whole wafer surface carries out thermal oxidation processing, it is N 
field of the outside of OSF generated in the shape of a ring, and nickel field which the defective field and precipitation of oxygen 
which are detected by Cu deposition cannot produce easily can manufacture the defect-free silicon single crystal wafer which does not 
exist in the whole wafer surface. Therefore, oxide-film pressure-proofing and gettering capacity can obtain a good crystal. 
[0024] In these manufacture approaches, it is desirable to make the pull-up rate at the time of crystal growth into 0.5 or more mm/min 
(claim 7), Thus, the manufacture margin of 0.5 or more mm/min then the defect-free field of this invention, especially the field in 
which an oxygen sludge layer is formed expands the pull-up rate at the time of crystal growth, and adequate supply becomes possible. 
[0025] Hereafter, although explained to a detail per this invention, this invention is not limited to these. In advance of explanation, 
lessons is taken from each vocabulary, and it explains beforehand. 

1 ) K2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching and removing a surface distortion 
layer with the mixed liquor of fluoric acid and a nitric acid in FPD (Flow Pattern Defect) A pit and a ripple pattern arise by etching a 
front face with the mixed liquor of fluoric acid and water (Secco etching). This ripple pattern is called FPD, and the defects of oxide- 
film pressure-proofing increase in number, so that the FPD consistency within a wafer side is high (refer to JP,4- 192345, A). 
[0026] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a thing without FPD, a call, and a 
flow pattern for the thing accompanied by a flow pattern (flow pattern) with SEPD. When it is thought in this that large SEPD 
(LSEPD) 10 micrometers or more originates in a rearrangement cluster and a rearrangement cluster exists in a device, a current leaks 
through this rearrangement and it stops achieving the function as a P-N junction. 

[0027] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage of the wafer to LSTD (Laser 
Scattering Tomography Defect) after etching and removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric 
acid. Incidence of the infrared light can be carried out from this cleavage plane, and the defect scattering light which exists in a wafer 
can be detected by detecting the light which came out from the wafer front face. About the scatterer observed here, it is a society etc., 
there is already a report, and it is regarded as the oxygen sludge (Jpn.J.Appl.Phys. Vol.32, P3679, 1993 reference). Moreover, the 
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result that it is the void (hole) of octahedron is also reported by the latest research. 

[0028] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core of a wafer, with COP (Crystal 
Originated Particle) - it is ~ Secco - by SC-1 washing (washing by the mixed liquor of NH4 OH:H2 02:H2 0=1 : 1 : 10), the defect set 
to FPD if dirty works as a selection etching reagent, and is set to COP. The diameter of this pit is investigated with light scattering 
measurement by 1 micrometer or less. 

[0029] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large Dislocation: cable address of the 
dislocation loop between grids), and is considered to be a dislocation loop reason. A large thing 10 micrometers or more is said that 
LSEPD described above also in SEPD. Moreover, also in FPD which LFPD described above, the magnitude of a tip pit says a large 
thing 10 micrometers or more, and it is considered the dislocation loop reason also here. 

[0030] 6) The Cu deposition method measures the location of the defect of a semiconductor wafer correctly, raises the sensitiveness to 
the defect of a semiconductor wafer, measures it correctly also to a more detailed defect, and is an appraisal method of the wafer 
which can be analyzed. 

[003 1] The concrete evaluation approach of a wafer destroys the insulator layer on the defective part which was made to form the 
insulator layer of predetermined thickness and was formed near the front face of said wafer on the wafer front face, and deposits 
electrolysis matter, such as Cu, to a defective part (deposition). That is, the Cu deposition method is an appraisal method using a 
current flowing to the part to which the oxide film has deteriorated, and Cu ion serving as Cu and depositing in the liquid with which 
Cu ion is dissolved, if potential is impressed to the oxide film formed in the wafer front face. It is known that defects, such as COP, 
exist in the part by which an oxide film tends to deteriorate. 

[0032] The defective part of the wafer by which Cu deposition was carried out can be analyzed on the bottom of a condensing LGT, or 
a direct target with the naked eye, can evaluate the distribution and consistency, and can also check microscope observation, a 
transmission electron microscope (TEM), or a scanning electron microscope (SEM) further. 
[0033] 

[Embodiment of the Invention] When this invention persons investigated in the detail about the boundary neighborhood of V field and 
an I region about the silicon single crystal growth by the CZ process, they found out neutral N field where the outside of an OSF ring 
has few FPD(s), LSTD(s), and COP remarkably, and ratio of length to diameter does not exist in it in the middle of V field and an I 
region, either. And if this N field is classified further, there is a nickel field (field with much silicon between grids) contiguous to Nv 
field (field with many holes) contiguous to the outside of an OSF ring and an I region, and in Nv field, when thermal oxidation 
processing is carried out, there are many amounts of precipitation of oxygen, and it has turned out that there is no precipitation of 
oxygen in nickel field. 

[0034] However, even if it raised the crystal in the above-mentioned N field, there is what has bad oxide-film pressure-proofing, and 
the cause was not found well. Then, when this invention person etc. investigated in the detail further about N field by the Cu 
deposition method, he is N field of the outside of an OSF field, and discovered that a part of Nv field which the precipitation of 
oxygen after precipitation heat treatment tends to generate had the field which the defect detected by Cu deposition processing 
generates remarkably. And this traced that it was the cause of degrading an electrical property like an oxide-film proof-pressure 
property. 

[0035] Then, if a field without the defective field which is an N field of the outside of this OSF and is detected by Cu deposition can 
be extended all over a wafer, while said various grown-in defects cannot be found, the wafer which can improve an oxide-film proof- 
pressure property etc. certainly will be obtained. 

[0036] this invention person etc. conducted the following experiments, asked for a growth rate and the relation of defective 
distribution, raised the single crystal rod based on the result, and evaluated the oxide-film proof-pressure property of a wafer. 
(Experiment 1) MCZ shown in the equipment A of drawing 2 (a), and the equipment B of drawing 2 (b) — law - among crystal 
pulling equipment (horizontal magnetic field impression), Equipment A charged 150kg of raw material polycrystalline silicon to the 
24 inch quartz crucible, and Equipment B charged 1 60kg of raw material polycrystalline silicon to 26 inch quartz RUTSUPO, and it 
pulled up the silicon single crystal of the diameter of 8 inches (diameter of 200mm), and bearing <100> with each equipment. When 
pulling up a single crystal, it controlled to dwindle a tail from a crystal head in the range of 0.7 mm/min to 0.3 mrn/min, applying a 
growth rate. Moreover, the single crystal was produced so that the oxygen density of a wafer might serve as 22 - 23ppma (ASTM79 
value). 

[0037] And as shown in drawing 3 (a) and (b), it applied to the tail from the head of the crystal pulled up, vertical division cutting was 
carried out in the crystal orientation, and the four wafers sample was produced. Among four sheets, three sheets investigated the 
distribution situation of each field of V field, an OSF field, and an I region, the distribution situation of FPD and LEP, and the OSF 
generating situation by OSF heat treatment by WLT (wafer life time) measurement (measuring instrument: SEMILAB WT-85) and 
SEKOETCHINGU, and checked the growth rate of each field boundary. One in the sample which furthermore carried out vertical 
division cutting in the crystal orientation ****-omission-processes a wafer configuration with a diameter of 6 inches, as shown in 
drawing 3 (c), and it is 1 . After mirror plane processing finishing, after ** formed the thermal oxidation film in the wafer front face, it 
performed Cu deposition processing and checked the distribution situation of an oxide film defect. 
[0038] The evaluation procedure of the wafer in this experiment and detail of an evaluation result are given below. 

(1) Vertical division cutting of the single crystal rod pulled up was carried out after block cutting in vertical crystal orientation at the 
die length for 10cm of every crystal orientation, and four samples of about 2mm thickness were produced. 

(2) In the wafer heat treating furnace, 800 degrees C and 4-hour (under nitrogen-gas-atmosphere mind) heat treatment were performed 
after heat treatment to the bottom of nitrogen-gas-atmosphere mind, it cooled after that after 1 000 degrees C and 1 6-hour (under dry 
oxygen ambient atmosphere) heat treatment, and the 1st in the above-mentioned sample created the map of wafer life time (WLT) by 
SEMILAB-85 for 620 degrees C and 2 hours (refer to drawing 4 (a) and (b)). Moreover, the 2nd sheet gave SEKOETCfflNGU after 
mirror etching, and observed distribution of FPD and LEP. And the 3rd sheet, it removed the oxide film, and checked the distribution 
situation of OSF. [ after OSF heat treatment ] Each field of V field, an OSF field, and an I region was pinpointed from these results, 
and the growth rate of each boundary was investigated. 

[0039] The growth rate (refer to drawing 4 (a)) of each boundary of the single crystal pulled up with Equipment A ( drawing 2 (a)) was 
as follows. 

V field / OSF field boundary: 0.484 mm/min OSF disappearance boundary: 0.472 mm/min Cu deposition defective disappearance 
boundary: 0.467 mm/min Non-depositing N(nickel) field / I region boundary: 0.454 mm/min, [0040] The growth rate (refer to drawing 
4 (b)) of each boundary of the single crystal pulled up with Equipment B ( drawing 2 (b)) is as follows. 

V field / OSF field boundary: 0.596 mm/min OSF disappearance boundary: 0.587 mm/min Cu deposition defective disappearance 
boundary: 0.566 mm/min A deposit N(Nv) field / nickel field boundary: 0.526 mm/min nickel field / 1 region boundary : 0.510 
mm/min, [0041] (3) the sample which carried out vertical division cutting in the crystal orientation of the single crystal rod of the 
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above (1) — inner --**** omission processing (refer to drawing 3 (c)) of remaining one sheet was carried out to the wafer 
configuration with a diameter of 6 inches, Cu deposition processing after thermal oxidation film formation was performed to the wafer 
front face after mirror plane processing finishing, and the distribution situation of an oxide film defect was checked. The evaluation 
conditions are as follows. 

1) Oxide film : 25nm 2 electrolysis reinforcement: For [ 6 MV/cm and 3 electrical-potential-difference impression time amount:] 5 
minutes. 

[0042] A Fig. is shown as a result of Cu deposition's estimating Nv field to drawing 5 . Drawing 5 (a) shows defective distribution of 
Nv field without the defect according [ (b) ] defective distribution of the defective field generated by Cu deposition to Cu deposition. 
Drawing 6 (a) is as a result of [ of Nv field which the defect generated in Cu deposition ] evaluation, and (b) is as a result of [ of Nv 
field which a defect did not generate by Cu deposition ] evaluation. 

[0043] It turns out that the defective field detected by Cu deposition which an oxide film defect tends to produce all over Nv field 
which precipitation of oxygen tends to produce from the above result among N fields which exist in an OSF outside exists. In this 
field, in spite of being Nv field, oxide-film pressure-proofing is not necessarily good. It turns out that a result which can be satisfied 
also with the same Nv field of oxide-film pressure-proofing in Nv field without the defective field detected by this Cu deposition on 
the other hand is brought. 

[0044] (Experiment 2) Next, based on the above-mentioned result, using Equipment B ( drawing 2 (b)), it was N field of an OSF 
outside, it was processed into the wafer of mirror plane finishing from the crystal which controlled the growth rate and pulled up so 
that the field which does not include the field and nickel field which precipitation of oxygen cannot produce further easily which is not 
Cu deposition defective field (Dn field), either might be aimed at, and the oxide film proof pressure property was evaluated. In 
addition, the C-mode Measuring condition is as follows. 

1) Oxide film : 25nm Two measuring electrode: The Lynn dope polish recon and 3 electrode-surface product: 8mm2 4 judging current: 
lmA/cm2. 

Consequently, oxide film proof-pressure level was 100% of rate of an excellent article. 

[0045] this invention person etc. repeats examination wholeheartedly, after being based on the knowledge acquired in the above 
experiment, and he hits on an idea to this invention. The manufacture approach of the 1st silicon single crystal of this invention is 
characterized by growing up a crystal in the defect-free field where the defective field which is an N field of the outside of OSF 
generated in the shape of a ring when thermal oxidation processing is carried out to the raised silicon single crystal wafer, and is 
detected by Cu deposition does not exist. 

[0046] It will control to the growth rate between the growth rate of the boundary where the defective field detected by Cu deposition 
which remains after OSF ring disappearance when this approach was explained based on drawing 1 and the growth rate of the silicon 
single crystal under pull-up is dwindled disappears, and the growth rate of the boundary which a grids transition loop formation 
generates when a growth rate is dwindled further, and a crystal will be raised. 

[0047] The wafer cut down from the single crystal rod raised by the approach described above turns into a defect-free silicon single 
crystal wafer with which the defective field which is an N field of the outside of OSF generated in the shape of a ring when the whole 
wafer surface carries out thermal oxidation processing, and is detected by Cu deposition does not exist at all. 

[0048] Next, when the 2nd manufacture approach carries out thermal oxidation processing to the raised silicon single crystal wafer, it 
is N field of the outside of OSF generated in the shape of a ring, and it is characterized by growing up a crystal in the field where 
nickel field which the defective field and precipitation of oxygen which are detected by Cu deposition cannot produce easily does not 
exist. 

[0049] It will control to the growth rate between the growth rate of the boundary where the defective field detected by Cu deposition 
which remains after OSF ring disappearance when this approach was explained based on drawing 1 and the growth rate of the silicon 
single crystal under pull-up is dwindled disappears, and the growth rate of the boundary which nickel field which precipitation of 
oxygen cannot produce easily when a growth rate is dwindled further generates, and a crystal will be raised. 

[0050] The wafer produced from the single crystal rod raised by this manufacture approach is N field of the outside of OSF generated 
in the shape of a ring, when the whole wafer surface carries out thermal oxidation processing, and nickel field which the defective 
field and precipitation of oxygen which are detected by Cu deposition cannot produce easily can use it as the defect-free silicon single 
crystal wafer which does not exist in the whole wafer surface. 

[005 1] Since this wafer is Nv field altogether, when it is heat-treated under nitrogen and a dry oxygen ambient atmosphere all over a 
defect-free field excluding nickel field which precipitation of oxygen cannot produce easily, an oxygen sludge layer is formed into 
bulk. Therefore, the silicon single crystal wafer produced from this field has the gettering capacity which oxide-film pressure-proofing 
etc. is not only good, but was excellent. 

[0052] When producing this invention article furthermore, when using CZ pull-up equipment of quenching structure which can be 
raised with the growth rate of 0.5 or more mm/min, the defect-free field of this invention, especially the field (Nv-Dn) in which an 
oxygen sludge layer is formed were able to expand more the silicon single crystal used as a raw material, and manufacture top stability 
was able to be maintained. 

[0053] And the shaft-orientations temperature gradient Gc of the crystal solid-liquid interface in the crystal center section is small. 
Although it was not able to mass-produce easily since the growth rate margin of this invention article was less than 0.02 mm/min when 
it was CZ process pull-up equipment by which the growth rate of 0.5 mm/min is not exceeded at the time of defect-free field 
manufacture of this invention Gc was large, and in case it was defect-free field manufacture of this invention, when it was CZ process 
pull-up equipment which can attain the growth rate of 0.5 or more mm/min, the growth rate margin of this invention article is 0.02 or 
more mm/min, and was able to attain the maximum about 0.05 mm/min. When this invention article was especially manufactured with 
the growth rate of 0.5 or more mm/min as mentioned above, it turned out that the growth rate margin of the field where an oxygen 
sludge layer is formed into BARUGU after heat treatment in nitrogen and a dry oxygen ambient atmosphere can be expanded easily. 
[0054] Drawing 2 (a) and (b) explain the example of a configuration of the crystal pulling equipment by the CZ process finally used by 
this invention. As shown in drawing 2 (a), this crystal pulling equipment 30 The pull-up room 31, the crucible 32 prepared all over the 
pull-up room 3 1 , and the heater 34 arranged around a crucible 32, It has the reel style (not shown) which rotates or rolls round the 
crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling mechanism (not shown), the seed chuck 6 holding the seed 
crystal of silicon, the wire 7 that pulls up a seed chuck 6, and a wire 7, and is constituted. A quartz crucible is prepared in the side in 
which a crucible 32 holds the silicon melt (molten bath) 2 of the inside, and the graphite crucible is prepared in the outside. Moreover, 
the heat insulator 35 is arranged around [ outside ] the heater 34. 

[0055] Moreover, in order to set up the manufacture conditions in connection with the manufacture approach of this invention, the 
annular graphite cylinder (thermal insulation plate) 9 is formed. Moreover, what was shown in drawing 2 (b) has formed the annular 
outside heat insulator 10 in the periphery of the solid^liquid interface 4 of a crystal. This outside heat insulator 10 prepares spacing of 
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2-20cm between that lower limit and surface of hot water 3 of silicon melt 2, and is installed in it. Furthermore, coolant gas may be 
sprayed or the tubed cooling system which interrupts radiant heat and cools a single crystal may be formed. Independently, by 
installing the magnet which is not illustrated in the horizontal outside of the pull-up room 3 1 , and impressing magnetic fields, such as 
a horizontal direction or a perpendicular direction, to silicon melt 2, the convection current of melt is controlled and, recently, the so- 
called MCZ method for measuring the stable growth of a single crystal is used in many cases. 

[0056] Next, the single-crystal-growth approach by above crystal pulling equipment 30 is explained. First, within a crucible 32, the 
high grade polycrystal raw material of silicon is heated more than the melting point (about 1420-degreeC), and is dissolved. Next, the 
tip of seed crystal is made contacted or immersed in the surface abbreviation core of melt 2 by beginning to roll a wire 7. Then, while 
rotating the crucible maintenance shaft 33 in the proper direction, single crystal growth is started by rolling round rotating a wire 7 and 
pulling up seed crystal. Henceforth, the single crystal rod 1 of an approximate circle column configuration can be obtained by 
adjusting a pull-up rate and temperature appropriately. 

[0057] In this case, in this invention, especially in order to attain the purpose of this invention, as shown in drawing 2 (a) or drawing 2 
R> 2 (b), in the periphery space of the liquefied part in the single crystal rod 1 on the surface of hot water of the pull-up room 3 1 , it is 
important to have formed the annular graphite cylinder (thermal insulation plate) 9 and the outside heat insulator 1 0 so that the 
temperature region from the melting point of the crystal near the surface of hot water to 1400 degrees C could be controlled. 
[0058] Namely, what is necessary is to form the outside heat insulator 10 in the pull-up room 31 , and just to set spacing on this lower 
limit and the front face of melt as 2-20cm, in order to control whenever [ this furnace temperature ], for example, as shown in drawing 
2 (b). If it carries out like this, whenever [ furnace temperature ] is also controllable so that the difference of the temperature gradient 
Gc of a crystal center part [**/cm] and the temperature gradient germanium of a crystal circumference part becomes small, for 
example, the direction of the temperature gradient of the crystal circumference becomes lower than a crystal center. This outside heat 
insulator 10 is in the outside of the graphite cylinder 12, and has formed the heat insulation cylinder 1 1 also inside the graphite 
cylinder 12. Moreover, the graphite cylinder 12 top is connected with the metal cylinder 13, and a cooling dome 14 is on it, and it is 
pouring and carrying out forced cooling of the cooling medium. 

[0059] When the silicon single crystal wafer which slices the silicon single crystal manufactured by the manufacture approach of the 
silicon single crystal described above, and is obtained carries out thermal oxidation processing to a wafer, it is a defect-free wafer with 
which the defective field which is an N field of the outside of OSF generated in the shape of a ring, and is detected by Cu deposition 
does not exist. Or when the whole wafer surface carries out thermal oxidation processing, it is N field of the outside of OSF generated 
in the shape of a ring, and nickel field which the defective field and precipitation of oxygen which are detected by Cu deposition 
cannot produce easily is the defect-free wafer which does not exist in the whole wafer surface. 

[0060] In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned operation gestalt is 
instantiation, and no matter it may be what thing which has the same configuration substantially with the technical thought indicated 
by the claim of this invention, and does the same operation effectiveness so, it is included by the technical range of this invention. 
[0061] For example, in the above-mentioned operation gestalt, although the example was given and explained per when a silicon 
single crystal with a diameter of 8 inches was raised, this invention is not limited to this but can be applied also to the diameter of 10- 
16 inches, or the silicon single crystal beyond it. Moreover, it cannot be overemphasized that this invention is applicable also to the so- 
called MCZ method for impressing a level magnetic field and length magnetic field, a cusp field, etc. to silicon melt. 
[0062] 

[Effect of the Invention] As explained above, according to this invention, it is not V field, an OSF field, and which defective field of 
an I region, either, and the silicon single crystal wafer with the electrical property excellent in high pressure-proofing with which the 
oxide-film defect further detected by Cu deposition processing is not formed, either can be supplied stably. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view showing the growth rate of this invention, and the relation of crystal defect distribution. 
[Drawing 2] It is the schematic diagram of the crystal pulling equipment used by this invention. 

(a) Equipment A (b) equipment B. 

[Drawing 3] (a) It is the related Fig. showing the relation between a single crystal growth rate and a crystal cutting location. 

(b) It is the explanatory view showing the OSF shrink rate of each pull-up equipment. 

(c) It is the explanatory view showing the production approach of Cu deposition evaluation sample. 

Prawing 4] It is the WLT map of the crystal orientation of the single crystal raised with the crystal pulling equipment used by this 
invention. 

(a) Equipment A (b) equipment B. 

[Drawing 5] It is a Fig. as a result of observing the defective distribution in Nv field by Cu deposition, 
(a) Cu deposition field Nv field without the (b) defect. 

[Drawing 6] It is a Fig. as a result of measuring the oxide film proof-pressure level in Nv field. 

(a) It is a defective generating field by Cu deposition. Nv field which the (b) defect did not generate. 

[Drawing 7] It is the explanatory view showing the defective distribution of a growth rate and a crystal by the Prior art. 

[Description of Notations] 

1 - a growth single crystal rod, 2 - silicon melt, 3 surface of hot water, and 4 - a solid-liquid interface, 6 - seed chuck, 7 - wire, 
and 9 - a graphite cylinder, 1 0 — outside heat insulator, 1 1 — inside heat insulation cylinder, and 1 2 - a graphite cylinder, 1 3 — metal 
cylinders, 14 - cooling dome, and 30 - crystal pulling equipment, 31 - pull-up room, 32 - crucible, and 33 - a crucible maintenance 
shaft, 34 - heater, and 35 ~ heat insulator. A V--V field, a N~N field, an OSF-OSF ring and an OSF field, I - An I region, a Nv-Nv 
field, a nickel—nickel field, Dn— Cu deposition defective field. 
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[Drawing 1] 
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[Drawing 6] 
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[Procedure revision] 

[Filing Date] April 25, Heisei 15 (2003. 4.25) 
[Procedure amendment 1 ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 4 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim 4] The manufacture approach of the silicon single crystal characterized by to control to the growth rate between the growth rate 

of the boundary where the defective field detected by Cu deposition which remains after OSF ring disappearance when a silicon single 

crystal is raised with the Czochrlski method and the growth rate of the silicon single crystal under pull-up is dwindled disappears, and 

the growth rate of the boundary which the dislocation loop between grids generates when a growth rate is dwindled further, and to 

raise a crystal. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0010 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0010] Then, distribution of G within a field was improved, and when this N-field where that it is only slanting existed was pulled up 

lowering for example, the pull-up rate V gradually, the crystal with which N field spread all over width at a certain pull-up rate could 

be manufactured recently. Moreover, in order to expand the crystal of this whole surface N field in the die-length direction, if a pull-up 

rate when this N field spreads horizontally is maintained and pulled up, it can attain to some extent. Moreover, when adjusting the 

pull-up rate in consideration of G changing so that it might be amended and V/G might become fixed to the last as the crystal grew, as 

it is, the crystal used as a whole surface N field could be expanded also in the growth direction. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 001 9 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0019] And the manufacture approach of the silicon single crystal concerning this invention, It is characterized by controlling to the 

growth rate between the growth rate of the boundary where the defective field detected by Cu deposition which remains after OSF ring 

disappearance when a silicon single crystal is raised with the Czochrlski method and the growth rate of the silicon single crystal under 

pull-up is dwindled disappears, and the growth rate of the boundary which the dislocation loop between grids generates when a growth 

rate is dwindled further, and raising a crystal (claim 4). 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0041 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0041] (3) the sample which carried out vertical division cutting in the crystal orientation of the single crystal rod of the above (1) - 
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inner --**** omission processing (refer to drawing 3 (c)) of remaining one sheet was carried out to the wafer configuration with a 

diameter of 6 inches, Cu deposition processing after thermal oxidation film formation was performed to the wafer front face after 

mirror plane processing finishing, and the distribution situation of an oxide film defect was checked. 

The evaluation conditions are as follows. 

1) Oxide film : 25nm 2 field strength: 6 MV/cm, 

3) Electrical -potential-difference impression time amount : for 5 minutes. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0046 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0046] It will control to the growth rate between the growth rate of the boundary where the defective field detected by Cu deposition 
which remains after OSF ring disappearance when this approach was explained based on drawing 1 and the growth rate of the silicon 
single crystal under pull-up is dwindled disappears, and the growth rate of the boundary which the dislocation loop between grids 
generates when a growth rate is dwindled further, and a crystal will be raised. 
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